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serotypes in populations from geographically distant regions showed a predominance of three serotypes a, b and c and a minor frequency of two serotypes (d and e) amongst A. actinomycetemcomitans oral isolates.
Strains of the same serotypes appear to represent distinct clones, which may be further distinguished by various genotyping methods. [5] Several lines of evidence have suggested that A. actinomycetemcomitans clones exhibit variable virulence potentials. A serotype b JP-2 clone, characterised by a 530-bp deletion in the promoter region of the leucotoxin operon, has been shown to be highly virulent and considered as a risk factor for aggressive periodontitis and active periodontal tissue breakdown. On the other hand, serotype b was isolated from some periodontally healthy individuals also; confirming the genetic heterogeneity amongst the same serotype. [6] Genotyping can be performed by restriction endonuclease analysis, ribotyping, arbitrarily primed-PCR and 16S rRNA sequencing. To the best of our knowledge, no study, yet, has reported serotype and genotype distribution of A. actinomycetemcomitans in India. Thus, the present study was aimed to detect the presence of A. actinomycetemcomitans and its serotypes b and c along with the genotypes and find its correlation with periodontal status.
mateRIals and methods
This study was conducted in the dental college from March 2014 to August 2014. It was a cross-sectional study including 75 individuals. The ethical clearance was obtained from the institutional ethical committee. Informed consent was obtained from all the participants before participating in the study. A detailed medical and dental history was recorded to rule out certain participants. All the study participants were included according to the following selection criteria: systemically healthy individuals who had not received periodontal treatment for at least 6 months prior to sampling, were aged from 14 to 55 years, had all permanent teeth erupted with presence or absence of third molars clinically and non-smokers, non-pregnant and non-lactating mothers and who have not taken any systemic antibiotic therapy in the previous 3 months. Individuals having probing depth or clinical attachment loss ≤3 mm and no radiographic signs of bone loss were considered periodontally healthy. [7] Participants were diagnosed as chronic periodontitis and aggressive periodontitis according to analytical criteria of American Academy of Periodontology (1999). [8] The selected participants were categorised into three groups: group I having 25 periodontally healthy controls, Group II having 25 patients with chronic periodontitis and Group III having 25 patients with aggressive periodontitis.
In each quadrant, deepest pockets were selected for sample collection. After removal of supragingival plaque, the sampling site was air dried and isolated with cotton rolls. Subgingival plaque samples were collected from the four deepest pockets in four different quadrants using curettes and then pooled and transferred into a sterile vial containing reduced transport fluid. In periodontally healthy controls, samples were collected in a similar manner from the gingival sulcus. The samples were sent to laboratory and processed within 24 h.
Microbial procedures
In laboratory, the plaque samples were vortexed, followed by inoculation in the culture medium using an inoculating loop according to the culture requirements of the microorganism.
Technique to culture Aggregatibacter actinomycetemcomitans
Dentaid agar was used as the selective medium for A. actinomycetemcomitans. Following inoculation in the culture medium, plates were incubated at 37°C in 5%-10% CO 2 jar for 48-72 h. Since A. actinomycetemcomitans is a capnophile, it requires CO 2 for its growth.
Microbial identification
After completion of incubation, the plates were removed; colony characteristics of the A. actinomycetemcomitans were identified. A. actinomycetemcomitans colonies were seen as white translucent colonies. Colony count of the microbes was done for quantification and recorded as colony-forming units. The colony was observed under the stereo-microscopy and observed for star-shaped structure in the colony. These organisms were further confirmed by Gram-staining and key biochemicals. A. actinomycetemcomitans was found to be negative for sucrose, lactose, trehalose and melibiose. A. actinomycetemcomitans had sugar-fermenting properties for glucose, galactose and maltose. After identification, bacterial DNA was extracted for further analysis.
DNA extraction procedure
It was done by modified proteinase K method. The colonies were transferred to the tube containing TE buffer and the tube was centrifuged at 5000 rpm for 5 min. The supernatant was discarded. With the help of a micropipette, 500 µL fresh TE buffer was added to the tube and centrifuged for 3-4 min. The procedure was repeated 3-4 times with fresh TE buffer. The supernatant was discarded and 50 µL of lysis buffer I was added. The sample in the tube was vortexed and kept for 5 min. Again, 50 µL lysis buffer II and 10 µL proteinase -K (100 ug/ml) were added and vortexed vigorously. It was kept in water bath for 2 h and then in boiling water bath for 10 min. The obtained DNA was stored at −20°C. [9] Serotyping by multiplex polymerase chain reaction Using a thermal cycler, amplifications were performed in 25-ml volumes, each containing 0.5 pmol primer, 0.2 mM deoxynucleoside triphosphates, 1-fold reaction buffer with 2.5 mM MgCl 2 , 1 U native Taq polymerase and 2.5-ml template DNA. The PCR was performed with an initial denaturation at 94°C for 3 min for 35 cycles, with one cycle consisting of a denaturation at 94°C for 15 s, annealing at 55°C for 30 s, a polymerisation at 72°C for 30 s and a final extension at 72°C for 2 min. The amplified PCR products were analysed by electrophoresis on a 1% agarose gel. The sensitivity and specificity of the method were checked with the help of well-characterised bacterial control strains of each serotype.
Genotyping by arbitrarily primed polymerase chain reaction
The primer used was OPA-13: 5'-GCACCCAC3'.
A PCR master mix was prepared which contained 0.5 U/µL Taq polymerase, reaction buffer, 4 mM MgCl 2 , 0.4 mM of each dNTP and was aliquoted into each tube in a final volume of 50 µl/aliquot. After thawing, it was gently vortexed and briefly centrifuged. A thin-walled PCR tube was placed on ice and the following components were added for each 50 µl reaction: 25 µl of PCR Master mix, 1 µl (20 pico mole) of primer, 1 µl (10 pg/µg) of template DNA and 50 µl of water.
After gently vortexing and spinning down, the tubes were placed in a thermal cycler. The temperature profile in a thermocycler (Applied Biosystems, USA) was 35 cycles of 94°C for 1 min, 32°C for 2 min and 72°C for 2 min. The initial denaturation was carried out at 94°C for 5 min, and the final extension was carried out at 72°C for 5 min. Amplification products were analysed electrophoretically in a 1% (w/v) agarose gel containing ethidium bromide (0.5 mg/ml) and were visualised under ultraviolet light illuminator. The bands obtained were interpreted with the help of DNA ladder and were assigned as particular genotype.
Statistical analysis
The proportions of A. actinomycetemcomitans were calculated in terms of percentage using descriptive statistics. Chi-square test was used to find association between serotypes and genotypes in individual group.
Results

Presence of Aggregatibacter actinomycetemcomitans
Out of 75 plaque samples, 35 (46.66%) were tested positive for A. actinomycetemcomitans. Among 25 plaque samples from periodontally healthy controls, 7 (28%) were tested positive for A. actinomycetemcomitans. Out of 25 plaque samples from chronic periodontitis patients, A. actinomycetemcomitans was detected in 12 (48%) samples. Among 25 plaque samples from aggressive periodontitis patients, 16 (64%) were tested positive for A. actinomycetemcomitans.
Serotypes of Aggregatibacter actinomycetemcomitans
Serotype c was detected with the highest frequency of 19/35 samples (54.28%), whereas serotype b alone was not detected in any of the samples. Two samples were positive for both the serotypes b and c (5.71%) and 14 (40%) were untypeable.
I n p e r i o d o n t a l l y h e a l t h y g r o u p , o u t o f s e v e n
A. actinomycetemcomitans-positive samples, serotype c was detected in four samples (57.14%) whereas three samples (42.86%) were untypeable. In chronic periodontitis group, out of 12 A. actinomycetemcomitans-positive samples, five samples (41.66%) tested positive for serotype c whereas seven samples (58.33%) were non-typeable. In aggressive periodontitis group, out of 16 A. actinomycetemcomitans-positive samples, serotype c alone was detected in 10 samples (62.5%). Both the serotypes b and c were detected in two samples (12.5%) whereas four samples (25%) were serologically untypeable [ Table 1 ].
G e n o t y p e a s s e s s m e n t o f A g g r e g a t i b a c t e r actinomycetemcomitans
The OPA-13 primer distinguished 14 different arbitrarily primed-PCR profiles amongst 35 A. actinomycetemcomitans isolates. Genotype VI was the most commonly detected genotype in six isolates and was found only in aggressive periodontitis group. Genotype XII was detected in five isolates from chronic periodontitis group. Genotype XIII was detected in four isolates from periodontally healthy group. One genotype in chronic periodontitis group was non-typeable. Genotype VII was detected in aggressive periodontitis as well as chronic periodontitis [ Table 2 ]. A specific genotype was found in a particular periodontal status without any overlap; except Genotype VII which was found in more than one periodontal status (chronic and aggressive periodontitis).
The relationship between genotypes and serotypes was studied using Pearson's Chi-square test [ Table 3 ]. In aggressive periodontitis group, the most frequently detected genotype VI was associated with serotype c. Genotypes I, IV and VII were also associated with serotype c. Serotypes of Genotypes II and VII were non-typeable. The isolates containing both the serotypes b and c were associated with genotypes III and V. Pearson's Chi-square test showed a statistically significant association (P < 0.05) between serotypes and genotypes in aggressive periodontitis group. In chronic periodontitis group, the most frequently detected Genotype XII and Genotype IX were serologically untypeable. Genotypes VII, X and XI were associated with serotype c. Pearson's Chi-square test showed a statistically significant association (P < 0.05) between serotypes and genotypes in chronic periodontitis group.
In periodontally healthy group, the most frequently detected Genotype XIII was associated with serotype c. Serotype of Genotype XIV was untypeable. Pearson's Chi-square test showed a statistically significant association (P < 0.05) between serotypes and genotypes in periodontally healthy group.
dIscussIon
The study participants included were selected based on convenience sampling i.e., patients visiting the department of periodontics of the dental institute, and therefore may not be entirely representative of our population.
Numerous techniques have been used in microbiologic investigations over the past 100 years to identify and enumerate species in subgingival biofilm samples. Regardless of the differences in these techniques, the sampling step is crucial and presents a potential source of error. Curette sampling was used in the present study since it has shown to provide a reliable and reproducible method to obtain subgingival samples. [10] Curette samples are likely to be more representative of the tooth-associated biofilms, but can include the loosely bound and the epithelial-associated biofilms. [11] Pooled sample yields more quantity of plaque, so it can be used for multiple analyses. It increases the probability of detection of an organism as sample is collected from multiple sites. Pooled sample is considered the representative sample of an oral cavity. [12] Various methods have been used for serotyping such as PCR or serological test using specific antisera in immunodiffusion assay. A DNA-based method using PCR amplification of serotype-specific sequences detects A. actinomycetemcomitans serotypes more sensitively than serotyping by serological methods; therefore, multiplex PCR was the method of choice in the present study. [13] In order to track bacterial infections, discrimination between individual isolates is necessary. Arbitarily primed-PCR is distinct from the classic PCR in the use of a single primer and a low annealing temperature has been used to detect genomic polymorphism at strain level. Arbitarily primed-PCR has several advantages over phenotyping and 
7 AP: Aggressive periodontitis, CP: Chronic periodontitis, H: Periodontally healthy other genotyping methods: it is universally applicable since it needs no prior knowledge of DNA sequence and yields fast and reliable results at low cost. Hence, arbitarily primed -PCR was the method of choice in the present study for genotyping. [14] The overall detection frequency of A. actinomycetemcomitans in the present study was 46.66%. In aggressive periodontitis group, 64% of samples tested positive for A. actinomycetemcomitans, which was similar to that in Chinese population (62%) [15] but lesser than that in Brazilian population (72%) [16] and Korean population (74%). [16] The reported prevalence of A. actinomycetemcomitans in aggressive periodontitis in South Indian population was 61%, [17] which was almost similar to the present study. Thus, the detection frequency of A. actinomycetemcomitans in aggressive periodontitis group in this study was similar to that in other Asian populations.
In chronic periodontitis individuals, in the present study, 48% of samples tested positive for A. actinomycetemcomitans. It was more than that reported in Indonesia (40%) [18] and Brazil (41%) [19] but lesser than that in Korea (74%). [20] A very few studies have reported the detection frequency of A. actinomycetemcomitans in periodontally healthy controls. In the present study, amongst periodontally healthy controls, 28% of samples tested positive for A. actinomycetemcomitans, which was more than that in Korean population (8%) [16] and Brazilian population (15%). [21] A prevalence of 5% was reported in South Indian population in periodontally healthy controls which was much lesser than that of the present study. [17] Among seven serotypes of A. actinomycetemcomitans (a, b, c, d, e, f and g), a, b and c are more commonly found in oral infections than rest. Serotype f was usually seen to be associated with non-oral infections. Especially in Asian population, serotype c is the most common and is present in both periodontally healthy and disease. Though serotype b is less common in Asian population, the highly leucotoxic JP2 clone of serotype b conceivably accounts for the observed high prevalence of aggressive periodontitis. Therefore, the present study evaluated for serotypes b and c.
The predominance of serotype c was reported in Chinese, [15] Korean [4] and Thai [23] populations with a detection frequency of 57.75%, 62% and 57%, respectively. A high prevalence of serotype c was noted in Japan [24] and Indonesia [25] too. On the other hand, serotype b was more commonly seen in populations of New York, [26] Finland, [5] Germany [4] and Greece. [7] A very low detection frequency of serotype b was noted in Chinese (7%), [15] Korean (5%) [4] and Thai (7%) [23] populations. No study, to the best of our knowledge, yet, has reported serotype distribution of A. actinomycetemcomitans in Indian population. In the present study, amongst 35 A. actinomycetemcomitans-positive isolates, serotype c was detected in 19/35 (54.28%) of isolates; being the predominant one; whereas, serotype b alone was not detected in any of the samples. The results of the present study are similar to the results of most of the studies conducted in Asian populations as mentioned above.
There are limited studies in the past evaluating serotype distribution pattern of A. actinomycetemcomitans amongst periodontally healthy individuals. In the present study, serotype c was predominantly seen amongst periodontally healthy individuals with detection frequency of 57.14%. Similarly, studies conducted in China, [27] Japan [24] and Finland [5] have reported predominance of serotype c amongst periodontally healthy individuals. Compared to the present study, a lesser prevalence was reported in Japan (26.66%) [24] whereas more prevalence was reported in China (75%). [27] A study conducted in Finland (Caucasian population) had reported a prevalence of 54% and 20% for serotypes c and b, respectively, amongst periodontally healthy individuals, [5] whereas in Greece, serotype a was predominant amongst periodontally healthy individuals. [7] In the present study, serotype c was predominantly present amongst periodontally diseased population too, with a proportion of 41.66% in chronic periodontitis and 62.5% in aggressive periodontitis. Various studies conducted in Asian population have shown predominance of serotype c in periodontitis-affected individuals. Proportions of serotype c amongst periodontally diseased individuals were 57%, 62% and 57% in China, Korea and Thailand, respectively. [4, 15, 23] However, in New York (52%), [26] Germany (33%) [4] and the USA, [28] serotype b was seen to be associated with periodontal disease.
Yang et al. have reported a predominance of serotype b in chronic periodontitis as well as aggressive periodontitis. [27] Proportions of serotypes b and c were 52.46% and 19.67%, respectively, in chronic periodontitis whereas 49.15% and 25.42%, respectively, in aggressive periodontitis. [27] In Finland, proportions of serotypes b and c were 45% and 19%, respectively, in chronic periodontitis and 48% and 13%, respectively, in aggressive periodontitis, showing a predominance of serotype b. [5] In the USA, proportions of serotypes b and c were 29% and 28%, respectively, in chronic periodontitis and 61% and 21%, respectively, in aggressive periodontitis, [28] indicating a predominance of serotype b amongst aggressive periodontitis.
The pattern of serotype distribution in the present study is remarkably similar to that of several studies conducted in Asian population, thus suggesting the influence of race/ethnicity and geographic regions on serotype distribution pattern of A. actinomycetemcomitans.
In the present study, serotype c was predominant amongst aggressive periodontitis, chronic periodontitis as well as periodontally healthy individuals, thus suggesting a probable association between serotype c and periodontal status of the individual. However, studies from Asia showed no significant relationship between serotypes and the extent or severity of periodontal disease. [23, 25, 29] On the contrary, studies from the USA have shown that serotype b was more often isolated from patients with aggressive periodontitis than from periodontally healthy controls. [26, 28] In Finnish individuals, serotype b was dominant in patients with aggressive and/or chronic periodontitis, whereas serotype c was the most common serotype in periodontally healthy controls. [6] The observation that individuals carrying serotype b were associated with more severe disease in some populations, but not in others, may indicate virulence differences within this serotype, or differences in host susceptibility amongst different populations. [23] Similarly, the fact that serotype c strains were associated with aggressive and chronic periodontitis as well as periodontally health indicates virulence differences amongst A. actinomycetemcomitans serotype c strains or, alternatively, differences in the host susceptibility of different ethnic populations. [22] Furthermore, antibody reaction against A. actinomycetemcomitans serotypes b and c has been suggested to be race dependent. [30] In addition, periodontitis is a polymicrobial infection. In different races, the genetic type of immunological response may modulate the bacterial flora, harbouring the oral cavity. [30] It could be due to synergism of certain clones of A. actinomycetemcomitans with other organisms playing role in the pathogenesis of periodontal disease as the frequency of serotype c was shown to be significantly higher in P. gingivalis-positive sites than in P. gingivalis-negative sites. [24] Patients are usually seen to be infected by only one serotype and colonisation is stable over time. It is possible that the colonisation of additional A. actinomycetemcomitans strains may be difficult due to competition between the resident strain and the invading strain or due to the suppression of the invading strain from the host immune response to the resident strain. [31] I n t h e p r e s e n t s t u d y , a m o n g s t 3 5 A . actinomycetemcomitans-positive samples, 5.71% of samples were positive for both the serotypes b and c. The samples positive for both the serotypes were of aggressive periodontitis. The majority of the studies showed that amongst A. actinomycetemcomitans-positive individuals, 5%-20% of the individuals were infected by more than one clonal type. [28, [30] [31] [32] An exception is the study by Yoshida et al. in which 33% of the individuals were infected by more than one clone of A. actinomycetemcomitans. [24] The probability of multiple clone infection appears to be governed by the random chance of infection by different clonal types of A. actinomycetemcomitans. It was suggested that multiple serotypes in localised juvenile periodontitis patients may also represent a serotype 'shift' during a lengthy infection or 'burnout' of the disease. The infrequent isolation of multiple serotypes may reflect an interference phenomenon, previous successful treatment or immune elimination of other serotypes. [33] T h e s e r o t y p e d i s t r i b u t i o n a n d s t a b i l i t y o f A . actinomycetemcomitans were studied over an 8-year period in untreated Indonesian individuals. Multiple serotypes were found in 12.2% in 1994 and 17% in 2002. Finding the same serotype does not exclude the possibility of reinfection by a different genotype, which can only be established by more detailed DNA fingerprinting of the isolates. Furthermore, not finding a certain serotype does not necessarily indicate the absence of a particular serotype, as it may be present under the level of detection by the used method. This shift suggests an opportunistic character of A. actinomycetemcomitans. [25] In the present study, 14/35 (40%) isolates were untypeable. As this study has checked for the presence of serotypes b and c only, the untypeable ones may belong to any of the remaining a, d, e, f and g serotypes.
Variation reported in results could be due to certain factors that play important roles in governing the microbial composition of plaque samples. These factors include the number or type of sampling sites, age of patient, transportation, clinical status of sampling sites (probing depth, bleeding index, etc.) and racial and geographic variations. [34] OPA-13 primer distinguished 14 different arbitarily primed-PCR profiles amongst 35 A. actinomycetemcomitans isolates. Similarly, 10-15 different genotypes were distinguished by arbitarily primed-PCR in various studies. [5, 14, 35] These results demonstrated genetic diversity amongst the investigated population and a clonal nature in a periodontal patient of A. actinomycetemcomitans by arbitarily primed-PCR. [14] Genotype VI was the most commonly detected in six isolates and was found only in aggressive periodontitis group. Genotype XII was detected in five isolates from chronic periodontitis group. Genotype XIII was detected in four isolates from periodontally healthy group. A specific genotype was found in a particular periodontal status without any overlap, except Genotype VII which was found in more than one periodontal status (chronic and aggressive periodontitis), suggesting an association between genotype and periodontal status. Asikainen et al. also reported a possible relationship between some A. actinomycetemcomitans clones and periodontal disease after analysing the clinical isolates by arbitarily primed-PCR. [5] In a study by He et al., some arbitarily primed -PCR genotypes (Groups II and VIII, corresponding to serotypes a and e, respectively) were more dominant in deep periodontal pockets. [14] Hence, according to He et al., certain type (s) of A. actinomycetemcomitans other than serotype b could be important in the pathogenesis of periodontal disease. [14] One genotype in chronic periodontitis group was non-typeable. This could be due to the use of only one primer for arbitarily primed-PCR. There is a possibility that additional use of some other primers would have helped in typing the one.
In the present study, Genotype VII was detected in aggressive periodontitis as well as chronic periodontitis. This could be due to the difficulty in distinguishing between generalised aggressive periodontitis (GAP) and severe form of chronic periodontitis as clinical presentation of both is more or less similar. [36] The patient diagnosed as chronic periodontitis was 36 years old, adding to the diagnostic dilemma. Thus, the patient diagnosed as chronic periodontitis could be a borderline case of GAP.
In the present study, Pearson's Chi-square test showed a statistically significant association (P < 0.05) between serotypes and genotypes in aggressive periodontitis, chronic periodontitis and periodontally healthy group. A similar finding that isolate of a given arbitarily primed -PCR genotype usually belongs to the same serotype is reported by Asikainen et al. [5] and He et al. [14] Small sample size, detection of only two serotypes b and c out of seven serotypes and lack of reproducibility of arbitarily primed -PCR are some of the limitations of the present study. Large sample size and evaluation for all the seven serotypes can give a clearer picture about serotype distribution of A. actinomycetemcomitans in Indian population.
Collectively, these studies strongly indicate that A. actinomycetemcomitans is a regular member of the oral microbiota in several Asian populations irrespective of disease activity. Although serotype distributions of A. actinomycetemcomitans have been found to be related to periodontal status in some populations, [35, 37] there is no evidence that the serotype antigen per se is a determinant of virulence. Owing to the clonal population structure of the species, which implies coupling between genes (i.e., linkage disequilibrium), the different serotypes and, in some cases, individual evolutionary lineages within the serotype clusters are likely to differ in other ways that may contribute to potential differences in virulence. [22] Presence of the same serotype in diseased as well as periodontally healthy conditions indicates the clonal nature of the bacteria and instils the importance of genotyping.
conclusIon
A stronger association could be present between serotype c and aggressive periodontitis than chronic periodontitis and periodontally healthy as it was detected in all groups with highest frequency. An association could also be present between conjugated presence of serotypes b and c and aggressive periodontitis. Fourteen different arbitarily primed -PCR profiles were found. A statistically significant association between serotypes and genotypes was present. An association could be present between genotype and periodontal status as a particular genotype was detected in a specific periodontal status (except for Genotype VII).
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